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INTRODUCTION 
CHAPTER - I 
Almost every aspect of life is closely associated with 
plants. The three great necessities of life - fo6d, clothing 
and shelter and a number of other useful products are 
supplied in great part by plants. The food, which is of prime 
importance for sustaining life, comes directly or indirectly 
from plants. The term 'vegetables' is usually applied to 
edible plants which store up fesorve food in roots, stems, 
leaves ^nd fruits and which are eaten, cooked or raw as 
salad. Vegetables constitute a large and varied gtoup of 
considerable importance in the world's commerce. 
The nutritive value of the vegetables is increased 
greatly by the presence of th^ indispensable mineral salts 
and vitamins while the roughage value of the various 
tissues aids digestion. The vegetables rank next to cereals 
as source of carbohydrates. 
The cluster bean (Cvamopsi s tetraqonoloba (Linn.) 
Taub. syn. C. psoraloides or c. tetracronolobus). commonly 
known as 'Guar' or 'Gowar' is commonly grown in tropical 
Africa and Asia. In India, it is grown as a vegetable, fodder 
or green manure crop. The plant is robust, erect annual, 3-10 
ft.high, benrincj cluotors of thick fleshy pods, 1-^ /2-4" long, 
each containing 5-12 seeds. 
The plant is probably indigenous to India though it has 
never been found in a wild state. It is cultivated throughout 
the country. The plant is hardy and drought resistant. It 
grows well on deep alluvial soils and sandy loams. It is 
cultivated usually as a mixed crop. In Northern India, it is 
generally sown in May-June and harvested in September-
October; in certain areas sowing is extended to September-
October and crop is harvested in February. 
Seeds are generally sown broadcast, but in dry farming 
areas they may be sown by drill. The crop comes into bearing 
in 3-3-'-/2 months after sowing. The early crop is usually 
utilized for green manure and the later crop for fodder and 
seed. For green manuring and fodder the crop is harvested 
either at the flowering stage or when the pods have just 
begun to form, and for seed, when fully mature. A yield of 
about 4536 kg of green manure and 272 - 363 kg of seed per 
acre are obtained under un-irrigated conditions, while under 
irrigation the yields are nearly double. 
The young tender pods are eaten as vegetables. They are 
also preserved after drying and salting. Analysis of pods 
gives - moisture, 82.5; protein, 3.7; fat (either extr.), 
0.2; fibre, 2.3; carbohydrates, 9.9; mineral matter, 1.4; 
calcium, 0.13; phosphorus, 0.05; iron, 5.8 mg/lOOg; carotene 
calculated as vit.A, 330 I.U./lOOg; Vit. C, 49 mg/lOOg. 
There are several varieties distinguished by the height 
of the plant and the size and shape of the pods. Two 
varieties are recognized - giant and dwarf. The former is 
commonly grown in Gujarat, while the latter is more popular 
in Punjab and U.P. of the two forms obtaining in Punjab, one 
is smooth and is grown for the pods used as vegetables; the 
other is coarse and rough due to the presence of small stiff 
hairs on all the parts and is commonly used for fodder. In 
Bombay, three forms are recognized viz. Pardeshi, about 6 
ft.high grown mainly for the pods used as vegetables; Sotia 
guvar, 8-10 ft. high, used as shade or green manure, and 
Deshi 4 l/2~5 ft. high, grown as a dry crop mainly for seeds. 
The plant is used as nutritious green fodder for horses 
and cattle. The woody stalks, however, are said to cause 
tympanites. The seeds are highly valued as cattle feed. They 
are converted into dhal, cooked and fed to cattle with a 
little mustard oil. 
The seed flour of guar is the commercial source of a 
gum used in food, paper and textile industries. The gum 
containing protein is separated from the outer coat of the 
seed through milling. Various grades of gums have been 
prepared ranging from high purity products to inferior 
qualities. The soluble part of guar flour consists mainly of 
galactomannan containing 34.5 % d-galactose anhydride and 
63.4% d-mannose anhydride. The flour is dispersible in hot or 
cold water yielding dispersions with -exceptionally high 
viscosities at low concentrations and possessing 5-8 times 
the thickening power of ordinary starch. Guar flour is of 
value as a beater additive for improving tha strength of 
certain grades of paper. Due to its colloidal nature, the gum 
acts as a stabilizer and thickener in food products like 
icecreams, bakery mixes and salad dressings. 
In textile manufacture, guar flour is used in wrap 
sizes, printing pastes and certain finishing operations. Guar 
gum has also been employed for backing postage stamps. The 
triacetate of galactomannan from guar gum can be cast in to 
strong, transparent flexibile films. 
The plants are affected by several plant pathogens such 
as fungi, bacteria and viruses. They cause severe losses in 
the yield of fruit. Some species of Xanthomonas cause severe 
diseases in the plant. Viruses cause different type of 
diseases such as top necrosis, mosaic etc. Several viru-ses 
have been reported which cause disease on this plant. The 
plant has also been reported in host ranges of several plant 
viruses e.g. rose mosaic virus. So an attempt is made here to 
study a mosaic disease caused by a virus on the guar 
(Cyamops is tetragonoloba (Linn.) Taub.). 
REVIEW OF LITERATURE 
aiAPTER - 2 
REVIEW OF LITERATURE 
The onrlioDt roport of a virus disease on Guar 
(Cvamopsis psoraloides) is that of Cooper (1949) who 
reported that top necrosis was noticed on guar in an 
experimental planting at Oklahoma in 1944. The incidence of 
infection increased in the field from less than 0.1 to over 
90 percent in 2-^ /2 months. Foliar symptoms were yellowing 
and stunting with occasional vein clearing or a faint oak 
leaf pattern and rarely a light chlorotic mottling. The virus 
was found to be sap transmissible having TIP of 68 °C, DEP of 
1:1000 and was inactivated in air dried tissue. 
Le Beau (1947) while working on a virus causing top 
necrosis in Beans (Phaseolus vulgaris) found several legumes 
including Cyamopsis psoraloides to be susceptible to the 
virus. 
Fulton (1950) described variants of the tobacco 
necrosis virus. The virus was found in about 10% pf the roots 
of apparently healthy green-house grown tobacco and guar 
(Cyamopsis tetraaonoloba) plants. The symptoms resembled 
closely those of tobacco necrosis virus. The same virus was 
found causing a severe necrotic disease of field-grown 
tulips during 1948-49. Since roots of tobacco plants remained 
uninfected when grown in steamed soil-compost in the green-
house, it was concluded that the infection had originated in 
the compost used and had not been introduced from an outside 
source. 
Costa (1950) while investigating test plants for 
tobacco white necrosis virus found Beta patellaris 
satisfactory but found C. tetragonoloba which served as a 
host in Fulton's experiments, reacting negatively. 
Fulton (1952) studied the mechanical transmission and 
properties of rose mosaic virus. He found that transmission 
was affected by mechanical inoculation from Rosa setigera to 
cucumber and cowpea. From infected cowpea the virus was 
transmitted to 25 plant species of 7 families including 
Cvamopsis tetragonoloba which was also used as an assay host 
for local lesion counts. 
Thomas and Zaumeyer (1953) isolated severe yellow 
mosaic virus from a bean plant in Idaho which induced 
epinasty, chlorosis and vein necrosis in inoculated primary 
bean (Phaseolus vulgaris) leaves, followed by apical necrosis 
and death in some varieties. It proved to be infectious to 
all the bean varieties used except Great Northern'U.I. 16, 31 
and 123 as well as to pea, soybean, broad bean, Cyamopsis 
tetraqonoloba• Vigna sesauipeda1 is, £. aconitIfollus. P. 
aconit i folius var. latifolius. Canavalla enslformls. 
Melilotus alba. Crimson clover and ladino clover fTrifolium 
repens f. giganteuin) and produced chlorotic lesions on 
Turkish tobacco, Nicotiana rustica and N. sylvestris. 
Costa (1955) reported Abutilon mosaic (variegation) 
virus, wide spread among indigenous species of Sida and other 
Malvaceae in Brazil, to be responsible for the natural 
occurrence of mosaic in cotton. Hibiscus esculentus. 
Phaseolus vulgaris, and soybean. In transmission studies with 
whitefly vector, Bemisia tabaci the virus was transmitted to 
hollyhock, H. cannabinus. groundnut, Cyamopsis tetragonoloba. 
lentil, white lupin, Nicandra physaloides and potato. 
In the report of the Division of Mycology and Plant 
Pathology (1954), it is stated that Crotalaria iuncea mosaic 
virus was carried symptomlessly by Petunia hybrida and 
induced local necrotic lesions on Cyamopsis tetraqonoloba 
(C. psoraloides). 
Yarwood and Gold (1955) reported that of the various 
hosts tested for reaction to potato virus S, only guar 
(Cyamopsis tetraqonoloba) showed symptoms in the form of 
necrotic lesions 45 to 300 micron in diameter on the 
cotyledons, appearing within 2 days in each of the six 
trials. In one trial 1058 lesions formed on 96 guar 
cotyledons previously dusted with carborundum and brushed 
with 1% suspension of leaf tissue of the potato USDA 41956 as 
inoculum. Examination by the electron microscope of sap 
extracted from these lesions revealed rod-shaped particles 
typical of potato virus S. 
Capoor and Verma (1956) described a mosaic disease of 
Chavali cowpea (vlqna cylindrica). The virus was found to be 
seed born and transmissible by aphids. Guar fC.tetractonoloba) 
developed numerous necrotic lesions. 
Fulton (1957) made a comparative study of host ranges 
of certain mechanically transmitted viruses of Prunus. The 
host range tests were made with four viruses, mechanically 
transmissible, from sour cherry, designated A, from a tree 
with necrotic ring spot (peach ring spot virus) and yellows 
[(sour) cherry yellows virus], B and E, from trees with 
cherry yellows virus,and G from a symptomless tree known to 
carry ring spot virus. Following inoculation of the 227 test 
species of 18 families symptom types of those which reacted 
positively were tabulated. Virus A infected 51 spp. out of 
186, B 86 out of 227, E 38 out of 145, and G 48 out of 150. 
He found that viruses A, E and G caused necrotic lesions on 
Cyamopsis tetraqonoloba and Momordica balsamina. making these 
suitable for infectivity assays. 
Travis (1957) reported two new virus diseases of iris 
namely mosaic of Iris fulva and iris ring spot in addition to 
t h e f o u r known v i r u s d i s e a s e s . A l l a r e t r a n s m i s s i b l e 
mechan ica l ly and by Myzus p e r s i c a e . Only i r i s r i n g spo t 
v i r u s i n f e c t s b o u n t i f u l bean (Phaseo lus v u l g a r i s ) , Samsun 
tobacco , Chenopodium amaran t i co lo r . Comphrena g lobosa . guar 
(Cyamopsis t e t r agono loba ) , Physa l i s angulatus and Amaranthus 
r e t r o f l e x u s . I t i s i n f e c t i o u s a f t e r h e a t i n g for 10 minutes 
a t 62 °C, a f t e r d i l u t i o n t o 10""^ and a f t e r 10 days a t 
2 0 °C. 
Bagnall e t aJL.. (1956) made a study of po ta to v i ru se s M, 
S and X in r e l a t i o n to i n t e r v e i n a l mosaic of the I r i s Cobbler 
v a r i e t y . Mechanical inocu la t ion with sap e x t r a c t conta in ing 
v i ru s S [pota to pa rac r ink l e v i r u s ( s t r . ) ] a t 20 °C, r e s u l t e d 
in l o c a l yel low s p o t s on ghenopodium album and n e c r o t i c 
loca l l e s ions on guar (Cyamopsis p s o r a l o i d e s ) . 
Raychaudhur i et, al . . (1962) r e p o r t e d t h a t Cyamopsis 
t e t r a g o n o l o b a was a good l o c a l l e s i o n h o s t of sannhemp 
(Cro ta la r ia ) mosaic v i rus as an assay hos t . A s i m i l a r mosaic 
i n d u c i n g v i r u s on sannhemp (C. i uncea ) a l s o p r o d u c i n g 
l e s i o n s on guar (Cyamopsis t e t r agono loba ) was desc r ibed in 
1950 . T h i s v i r u s had TIP 95-98 °C, DEP l ; - 5 , 0 0 , 0 0 0 -
1:10,00,000 and longevi ty iji v i t r o of over 301 days a t 
6 - 1 0 °C. I t resembled southern sannhemp mosaic v i r u s . 
Verma and Verma (1961) i s o l a t e d a new s t r a i n of t u r n i p 
c r i n k l e v i r u s from t u r n i p s . Th i s s t r a i n was t r a n s m i t t e d 
mechanically but not by aphids . I t caused c r i n k l i n g , s tun t ing 
and resetting of plants and its DEP was 10"^ and TIP 85 
- 90 °C. other hosts included cauliflower, kohlrabi, cabbage, 
tobacco, tomato, potato, Solanum nigrum. Datura stramonium^ 
Cyamopsis tctragonoloba nnd sugar-boGt. 
Van Regenmortel et aJL. (1962) studied the properties of 
watermelon mosaic virus. Six isolates of the virus from 
various parts of the W, Province of the Cape, each infected 
several of the non-cucurbitacious hosts inoculated (lucerne 
blue, and white lupin, Melilotus indica. Crimson clover, 
sweet pea and Cyamopsis tetraqonoloba) but differed in 
range. Only white lupin developed systemic mottle. 
Waterworth (1962) tested the variability among 
mechanically transmitted virus isolates from Prunus. He found 
that 36 out of 56 isolates, tested by microprecipitation, 
reacted only with antiserum of necrotic ring spot (? peach 
ring spot) virus (RS) antiserum, and 20 with that of prune 
(Plum) dwarf virus (PD). Mechanically inoculated in cucumber 
sap all RS-reacting isolates induced local lesions on 
Momordica balsamina and Cyamopsis tetraqonoloba. 
A report published from Indian Agricultural Research 
Institute, New Delhi, (1962) mentioned that bean (? common) 
mosaic virus was present in roots, stems, leaves and flowers 
of infected Phaseolus vulgaris plants and was transmitted to 
P.munqo.P. aureus, P. lathvroides and Cyamopsis tetragonoloba 
by Aphis euonymi. 
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Verma et aj,. (1962) reported top necrosis of Cvamopsis 
tetraaonoloba. The virus (str. of tobacco ring spot virus) 
was transmitted mechanically to a few varieties of bean 
(Phaseolus spp.), cowpea, petunia, datura, nightshade 
(Solanum spp.) and White Burley tobacco. It had an In y^ jtro 
longevity of 6 days. It was usually accompanied by a weak 
str. which protects plant against the virulent strain. 
Das and Raychaudhuri (1963) further studied the host 
range and properties of sunnhemp mosaic virus. Crotalaria 
mosaic virus was mechanically transmitted to C. iuncea. C. 
mucronata. Cyamopsis tetraaonoloba. pea, tobacco, Datura 
stramonium and tomato. The virus remained infective at pH 
1.55 - 9.87 and stable at p" 2.2 - 9.87 at 7 °C and p" 2.2 -
9.1 at 22 - 30 °C. It resisted 24 hrs. in 2% kMnO^, 2% 
sodium sulphite or 70% alcohol. Exposure of a 1:10 
preparation of the virus to UV light resulted in 
inactivation after 6 hrs. and after only 1 hour at a 
dilution of 1:100. The virus survived 28 days in dried 
leaves at 28 - 35 °C. 
Nyland and Lowe (1964) reported the relation of cherry 
rugose mosaic and Almond Calico viruses to prunus ring spot 
virus. They found that all three viruses produced similar 
symptoms on cucumber, Momordica. Squash, Chenopodium. Zinnia, 
guar (Cyamopsis psoraloides), Petunia. Mahaleb cherry and 
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peach. Positive cross reactions were obtained in 
serological tests. It was concluded that rugose mosaic and 
calico are strains of prunus (peach) ring spot virus. 
Orellana (1967) reported that Cvamopsis tetraaonoloba 
selections wore more susceptible to the guar str. of tobacco 
ring spot virus than to the tobacco and bean strains. The 
resistance of the wild species Cvamopsis seneqalensis and C. 
serrata may be employed in a breeding programme. 
Sastry (1966) studied the effect of calcium, magnesium 
and sulphur nutrition of guar (Cyamopsis tetraaonoloba) 
plants on local lesion formation by sunnhemp mosaic virus. 
He found that growth of guar plants progressively increased 
with increased calcium supply up to 200 ppm but at higher 
levels was retarded. The number of local lesions produced by 
SMV remained fairly constant at all except deficiency levels 
of calcium. Maximum growth and maximum local lesions occurred 
at 5 ppm magnesium and 32 ppm sulphur. 
Mendoza (1967) reported potato virus S from Peru. The 
virus was identified in clove CPP - 63 from Solanum tuberosum 
sp. andiqena var. Elena. The indicator hosts Cyamopsis 
tetraqonoloba and Nicotiana debeneyi were used to confirm 
this. 
Sulochana and Solomon (1970) observed a similarity in 
the structure of lesion and time of its formation by dolichos 
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e n a t i o n m o s a i c v i r u s (DEMV) and S o u t h e r n sunnhemp 
(Cro ta la r ia ) mosaic v i rus (SSMV) in Cyamopsis tetracfonoloba. 
The main fea tu re of the l e s ions was t h a t t h e r e was browning 
along the per imeter of the l es ion and formation of thickened 
r i n g s w i t h i n . V i r a l i n c l u s i o n bodies occurred 4 - 12 h r s . 
a f t e r i n o c u l a t i o n in epidermal c e l l s of l eaves of sys temic 
h o s t s of both v i r u s e s as we l l as in t h e l o c a l l e s i o n h o s t 
with SSMV and Acalypha mosaic v i r u s . React ion of Cyamopsis 
te t raaonoloba to d i f f e r e n t v i ru se s va r i ed , al though the bas ic 
l es ion p a t t e r n was the same. 
D u n l e a v y e_t. a_l.. (1970) r e p o r t e d t h a t a v e r a g e 
germinat ion of 17 Hood Soybean seed l o t s from 11 s t a t e s was 
64% compared with 90% in a c o n t r o l , s e l e c t e d seed l o t s . Al l 
l o t s contained some cracked seeds (av. 22%). All p l a n t s grown 
from Hood seed l o t s showed symptoms s i m i l a r t o t h o s e of 
s o y b e a n m o s a i c v i r u s (SMV), w h i l e c o n t r o l s showed no 
symptoms. The v i r u s probably SMV, was s a p - t r a n s m i t t e d from 
f i e l d grown Hood t o g l a s s house-grown Banse i Soybeans , 
P h a s e o l u s v u l g a r i s . D o l i c h o s l a b l a b and Cy^m^psjLs 
te t raqonoloba . 
Capoor and Rao (1969, 1970) desc r ibed a l ea f m o t t l i n g 
d i s e a s e of su ran (Amorphophal lus campanu la tus ) c a u s i n g 
dwarf ing and c h l o r o s i s of the p l a n t s l a t e in t h e s eason . 
I n f e c t i o n was t r a n s m i t t e d by Myzus p e r s i c a e t o Amaranthus 
t r i c o l o r . A t r i p l e x h o r t e n s i s . Cyamopsis t e t r a a o n o l o b a . and 
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Phaseolus vulgaris. The causal agent was named Aworphophallus 
mosaic virus. 
Meenakshi et aX. (1972) reported that toluidine blue 
metachromasia stain could be used for early detection of 
plant virus infection. The evidence of infection, as shown by 
differences in staining between virus lesions (blue-green or 
bluo) nnd non-louioii oroaa (pink-purplo or purple) of loaves, 
was apparent as early as 2 hrs after infection in Cvamopsis 
tetraqonoloba with Dolichos enation mosaic, egg plant little 
leaf (tomato big bud), Southern sunnhemp mosaic or cotton 
little leaf viruses. 
Niazi et aj,. (1973) reported a new strain of tobacco 
mosaic virus infecting sunnhemp. The stain causing necrotic 
local lesions and becoming systemic was isolated from 
Crotalaria iuncea. It was also infected ground nut, cowpea 
cv. Pusaphalguni and three Chenopodium spp. Only local 
lesions were produced on Cyamopsis tetraqonoloba. Gomphrena 
qlobosa and two Dolichos spp. The TIP was 90 °C and DEP 
10~^. The particles were rigid rods 318-325 X17 nm. This new 
strain was serologically related to the type strain of TMV 
and the sunnhemp strain. 
Chandra et_ aX- (1975) observed that some naturally 
occurring plant products such as coumarins tomentolide 
B (from the nuts of Calophyllum tomentosum) and marmelosin 
(from the fruits of Aeqle marmelos) inhibited the number of 
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local lesions formed by Southern sunnhemp mosaic virus (SSMV) 
in Cvamopsis tetragonolobus by 83.1 and 53.4% respectively. 
Vorma and Awasthi (1976) obsorvod a new sevora mosaic 
disease associated with filiformy and resetting of leaves on 
Crotalaria iuncea near Lucknow and named it sunnhemp rosetlie 
disease. The disease was mechanically transmitted to 
Qye^mopgis tQtraqon9l9ba> Chenopodium amaranticolor and Viana 
sinensis (local lesions) . The TIP was 93 °C, 
DEP 5 X 10 "^ and longevity iji vitro was 54 - 56 days at 
20-28 °C. The disease appeared to be caused by a severe 
strain of sunnhemp mosaic virus. 
Eranna and Nayudu (1975) reported a new mosaic disease 
of Perqularia minor Andr. From its host range and physical 
properties, the virus was considered new and named Peraularia 
mosaic virus. Local lesions were produced on Chenopodium 
amaranticolor. systemic symptoms in Cyamopsis tetracronoloba 
and Crotalaria iuncea. The TIP was 58 °C, DEP 1:2,000 and the 
virus was inactivated after 30 hrs at room temperature or 23 
days at 10 - 15 °C. 
Narayanaswamy and Jaganathan (1974) reported some 
properties of black gram leaf crinkle virus. Leaf crinkle 
virus of Phaseolus mungo was inactivated at > 1:5000 
dilution, > 60 *^C and after 48 hrs at room temperature. The 
optimum pH was 7.2. In the host range studies the virus 
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i n f e c t e d Cv a i nops i s t e t r a c f o n o l o b u s . c o w p e a . P h a s e o l u s a u r e u s , 
g r o u n d n u t and p i g e o n p e a . The v i r u s r e a c t e d s p e c i f i c a l l y w i t h 
i t s a n t i s e r u m . 
L o c k h a r t and F i s c h e r ( 1 9 7 7 ) r e p o r t e d f o r t h e f i r s t 
t i m e C y a m o p s i s t e t r a a o n o l o b a a s a h o s t o f PVY 
( P o t a t o v i r u s Y) f o l l o w i n g i n o c u l a t i o n w i t h i n f e c t i v e t o b a c c o 
s a p . The v i r u s p r o d u c e d no s y m p t o m s , o r o c c a s i o n a l f a i n t 
c h l o r o t i c s p o t s on i n o c u l a t e d c o t y l e d o n s a n d u n i f o l i a t e 
l e a v e s . New g r o w t h w a s s y m p t o m l e s s b u t t h e v i r u s w a s 
r e c o v e r e d from t h e l e a v e s by b a c k i n o c u l a t i o n t o t o b a c c o . 
H a n s e n a n d L e s e m a n n ( 1 9 7 8 ) r e p o r t e d t h a t f i f t y s e e d 
l o t s of g u a r (Cyaniops is t e t r a a o n o l o b u s ) from I n d i a , P a k i s t a n , 
Z a i r e and USA c o n t a i n e d a v i r u s wh ich i n d u c e d c h a r a c t e r i s t i c 
r e d l e s i o n s on Chenopodium a m a r a n t i c o l o r . T h r e e i s o l a t e s from 
I n d i a , A f r i c a a n d t h e USA s h o w e d s i m i l a r f l e x u o u s - r o d 
m o r p h o l o g y w i t h a n o r m a l l e n g t h of 7 6 1 nm a n d s i m i l a r p i n -
w h e e l and s c r o l l t y p e i n c l u s i o n s t r u c t u r e s i n t h e e l e c t r o n 
m i c r o s c o p e . P h y s i c a l p r o p e r t i e s a n d h o s t r a n g e w e r e a l s o 
s i m i l a r f o r t h e s e i s o l a t e s . The v i r u s b e l o n g e d t o t h e p o t a t o 
v i r u s y g r o u p . Symptoms on Chenopodium a m a r a n t i c o l o r and t h e 
h o s t r a n g e d i f f e r f r o m t h o s e of t h e o t h e r t h r e e l e g u m e 
p o t y v i r u s e s w i t h i d e n t i c a l i n c l u s i o n b o d i e s a n d i n d i c a t e d 
t h a t t h e g u a r v i r u s w a s d i f f e r e n t f o r m t h e m . Low v i r u s 
c o n c e n t r a t i o n i n a l l h o s t s a n d c o n t i n u o u s l o s s d u r i n g 
p u r i f i c a t i o n p r e v e n t e d s e r o l o g i c a l r e l a t i o n s h i p . They s a i d 
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that the virus had presumably been imported in to N.America 
with its guar host, since naturally infected and inoculated 
guar plants remained symptomless, it has been named "Guar 
Symptomless Virus" (GSV). 
Verma & Awasthi (1978) studied the inhibition of 
viruses by thiosemicarbazone derivatives. Of the 4 isomers 
tested, VSM 7 and VSM 9 inhibited sunnhemp fCrotalaria^ 
rosette and Gomphrena mosaic virus iji vitro and jjn vivo in 
Cyamopsis tetraqonolobus and cowpea respectively and less 
significantly in Chenopodium amaranticolor. VSM 8 and VSM 10 
were comparatively less inhibitory. They observed that 
antiviral activity varied from host to host and was dependent 
on time of application. 
Salazar and Harrison (1978) reported that potato black 
ring spot virus (PBRV) infected tomato and 
Cyamopsis tetraqonolobus unlike the tobacco ring spot virus B 
(TRSV - B). 
Ramachandraiah et aj,. (1979) isolated for the first 
time tobacco necrosis virus (TNV) from the roots of Cyamopsis 
tetraqonolobus during a survey in Madras. It was partially 
purified and reacted positively with antisera to TNV-A and 
TNV-D (obtained from Rothamsted) . It was possibly more 
closely related to the latter than the former strain. 
Sulochana and Venkatarathnam (1980) isolated tobacco 
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n e c r o s i s v i r u s from s o i l samples from t h e r h i z o s p h e r e of 
n a t u r a l l y i n f e c t e d Cyamopsis t e t r a g o n o l o b u s . The v i r u s 
occurred absorbed to s o i l c o l l o i d s a t low l e v e l . The l eaves 
of £. te t ragonolobus wore used for loca l l e s ion assays . 
Murav'eva (1980) repor ted t h a t in the v i r u s d i seases of 
soybean , t h e most harmful one was s o j a v i r u s 1 (soybean 
mosaic) in t h e S o v i e t Far E a s t . He found t h r e e t y p e s of 
i n f e c t i o n : ( i ) m o s a i c , f o l l o w e d by s l i g h t c r i n k l e 
(predominant t y p e ) , ( i i ) p l a n t c h l o r o s i s and dwarfing ( a l l 
seeds infected) and ( i i i ) re ta rded p l an t growth and deformed 
l e a v e s . I t was found t h a t mosaic of t h e f i r s t t y p e was 
t r ansmi t t ed only to soybean, while o ther two types t o soybean 
and cxamep_sls te_ttcig5jnLC.Ifitey.a-
Sreenivasulu and Nayudu (1982) pu r i f i ed Sesbania mosaic 
v i r u s , caus ing mosaic on S_. q r a n d i f l o r a in T i r u p a t i . The 
v i rus was mechanically t r a n s m i t t e d . Cyamopsis te t ragonoloba 
was t h e l o c a l l e s i o n h o s t . The v i r u s was p u r i f i e d by 
d i f f e r e n t i a l c e n t r i f u g a t i o n and d e n s i t y g r a d i e n t 
c e n t r i f u g a t i o n . The p a r t i c l e s were s p h e r i c a l and of 28 nm 
d i a m e t e r . The m o l e c u l a r we igh t of t h e v i r u s p r o t e i n was 
32,000 d a l t o n s . 
B h a s k a r and Summanwar (1984) c a r r i e d o u t 
c y t o p a t h o l o g i c a l s t u d i e s of methi mosa ic w i l t v i r u s by 
f luorescence and l i g h t microscopy. The i n c l u s i o n bodies of 
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mcthi (Triggn^Ilfl foenumaraecum) mosaic wilt virus were 
located in diseased tissues of Cvamopsis tetragonoloba by 
means of fluorescent microscopy with acridine orange. Orange 
red fluorescing masses were present in the cytoplasm of 
diseased leaf tissues, the identity of red fluorescing RNA in 
the epidermal cells was confirmed by R Nase treatment. Using 
light microscopy, red staining masses were observed after 
staining with phloxine and trypan blue. 
Verma and Srivastava (1985) reported that leaves of 
Aerva sangujnolenta Blume. (a member of Amaranthaceae) 
contained a potent inhibitor which caused 97-100% inhibition 
in all the host/virus combinations tested when the extract 
was mixed with inoculum. A high degree of resistance (80-100% 
reduction in lesion number) was observed when Cyamopsis 
tetragonoloba or Datura stramonium plants were mechanically 
inoculated with sunnhemp rosette virus or tobacco mosaic 
virus 1 - 7d after treatment. The inhibitory stimulus of 
^. sanguinolenta leaf extract could move from treated to 
untreated leaves within 1 hr. of application. 
Pandey e_t. aJL. (1985) reported that 
«C - (methy 1-phtha 1 imido) - gc'-( substituted styryl) -
cyclohexanone thiosemicarbazone compounds exhibited broad 
spectrum antiviral activity against sunnhemp rosette virus in 
vitro and in vivo in the hypersensitive host, Cvamopsis 
tetragonoloba. 
19 
Soknr nnd Sulochnna (1986) Rtwdlod tho cross protection 
behavior of Southern sunnhemp mosaic virus and Dolichos 
enation mosaic virus (2 related strains of the legume cluster 
of the tobamo virus group) in Cvamopsis tetragonoloba. The 
protection was observed in the inoculated leaves as well as 
in uninoculated opposite leaves and it was high during 
visible local lesion formation. Significant protection in the 
uninoculated opposite leaves to the challenger virus showed 
the movement of antiviral or an inhibitory factor from the 
leaf inoculated with the first virus strain. They reported 
that no protection was observed against tobacco necrosis 
virus, which was unrelated to SSMV and DEMV. 
Harris g^ CLI- (1985) reported that in attempts to 
develop methods for diagnosing strawberry mottle virus, 
transmission by Chaetosiphon fraqaefolii from strawberry to 
Cvamopsis tetragonoloba caused severe systemic symptoms, but 
all attempts to transmit the virus back to strawberry were 
unsuccessful. C. tetragonoloba was a better source of virus 
than Chenopodium quinoa and may be a suitable host in 
purification studies. 
Vani ejL ^ - (1986) reported a new mosaic disease of 
cluster bean (Cvamopsis tetragonoloba) around Hyderabad in 
1982. The infected plants showed typical mosaic mottling and 
crinkling of leaves with moderate stunting. The virus was 
transmitted through sap and by Aphis craccivora in a 
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non-persistent manner but not via seeds. The virus produced 
systemic symptoms on bean (Phaseolus vulgaris) , Vigna radia-
ta, V. mungo and Phvsalis minima and chlorotic local lesions 
on Chenopodium amaranticolor and £. guinoa. The TIP was 
between 50 °C and 60 °C, DEP between 10"-^ and 10"^ and 
longevity in vitro of 48 hrs. at room temperature (28-33 °C). 
Purified virus preparations contained flexuous rpds of 809X11 
nm and pin wheel inclusions were observed in ultra-thin 
sections under electron microscope. The virus was not 
serologically related to any of 9 antisera of potyviruses 
tested in agar gel double diffusion tests. On the basis of 
the results, this virus, cluster bean mosaic, was considered 
to be new. 
Vormn and Prasad (1987) roportod that an extract of 
leaves of the non host Clerodendrum aculeatum prevented 
infection of Cyamopsis tetragonoloba by sunnhemp rosette 
virus when applied before challenge inoculation. The induced 
resistance was systemic in nature and altered the physiology 
of the test host. Higher catalase and peroxidase activity was 
observed at the treatment site two hrs after application of 
the extract while polyphenoloxidase increased after 2 hr. 
both at the treatment site (basal leaves) and at a distant 
site (upper leaves). It was concluded that the development of 
resistance between 2-4 hrs. in association with altered 
enzyme profiles signified active host mediation in the 
development of systemic induced resistance. 
21 

aiAPTER - 3 
MATERIAI^ AND METHODS 
3.1 Raising of Plants : 
For all purposes plants will be grown in clay pots of 
4" and 6" diameter, filled with a mixture of soil and compost 
in a ratio of 2:1. The soil mixture will be steam sterilized 
by autoclaving for 1 hr. at a pressure of 20 lb per sq.inch. 
Pots will bo sterilized by rinsing with 4% formalin solution 
and prepared by filling with sterilized soil mixture 
autoclaved 24 hrs. earlier and sieved before use. 
Seedlings will be raised in formalin sterilized wooden 
trays (18"X18"X5") containing sterilized soil mixture. Young 
seedlings of uniform size will be transplanted singly to clay 
pots of 4" and 6" diameter. However, plants belonging to 
cucurbitaceae and leguminosae will be raised singly by direct 
sowing of seeds in clay pots. For inoculations the plants 
will be used two weeks after transplantation. All the plants 
will be raised and kept in an insect proof glass house (20 
-30 °C & normal day length) and given an uniform care with 
respect to fertilizer, water and other requirements. 
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3.2 Virus Culture : 
The culture of the virus will be obtained from 
naturally infected plants showing mosaic symptoms and will be 
maintained on suitable propagation host by manual sap 
inoculations. Single lesion inoculations will be attempted 
to assure a pure virus culture. Once the culture of the virus 
has been maintained on a suitable propagation host, it will 
be kept in active state by fresh inoculations at regular 
intervals on young propagation host plants. 
3.3 Source of Inoculum : 
Young leaves from infected propagation host plants will 
be used as source of inoculum. Inoculum will be prepared by 
macerating them in a mortar with pestle in 0.1 M phosphate 
buffer p^ 7.0. For each gram of leaf material 1 ml. of 
phosphate buffer will be used. The macerate will be filtered 
through two layers of cheese cloth. The sap thus obtained 
will be used as standard inoculum. 
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3-4 Method of Inoculation : 
The fully expanded leaves of a plant, to be tested for 
susceptibility to the virus will be inoculated by gently but 
firmly applying tho standard inoculum with the help of 
forefinger on the upper surface of the leaves predusted 
uniformly with carborundum 500 mesh. The inoculated leaves 
will be rinsed by a gentle stream of water before the 
inoculum on the surface of the leaves dries up. This method 
will be used as an usual method of inoculation throughout the 
course of investigation. 
3.5 Host-range Studies : 
Several species of plants, belonging to different 
families will be screened for the susceptibility to the virus 
under investigation. Standard inoculum will be used for 
inoculation of all plants. At a time at least three plants of 
a species or, cultivar will be inoculated and the same number 
will be kept as a control. Plants at 5-6 leaf stage will be 
used and all the fully expanded leaves will be inoculated. 
The inoculated plants will be observed daily for the 
development of symptoms. Time, sequence and the severity of 
the symptoms will be noted. Inoculated plants will be kept 
under observation for at least six weeks. The inoculated 
plants which will not exhibit any symptoms will be observed 
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for 8 weeks. Back inoculations to a susceptible test plant 
will be made from all the inoculated plants. 
3.6 Transmission Studies : 
Attempts will be made to find out the vector/s of the 
virus in the field. Experimental transmission using aphids, 
nematodes and dodder (Cuscuta spp.) will be studied. Seed 
transmission and graft transmission will also be studied-
3.6.1 Transmission by Aphids : 
Adult aphids if found transmitting the disease d|iring 
preliminary investigation will be used to study vector"4virus 
relationship (non-persistent, persistent or semi-persistent). 
Raising of Virus Free Aphids : 
Colonies of virus free aphids will be raised on 
suitable host plant in cages having wooden frames. The top 
and the two sides of the cage will be closed by glass and the 
remaining sides will be closed by wire gauze. A fluorescent 
tube will be fixed in the cage to provide artificial light to 
the plants and to keep the aphids under long day conditions 
to get the apterons (wingless) aphids. The plants will be 
kept on a zinc tray and the bottom of the tray will be 
covered with a layer of wet sand to prevent the passing of 
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the aphids through chinks between the tray and the rim of the 
cage, each new colony of the aphids will be started by 
placing about 10 aphids on a fresh plant. Viviparous adults 
will be starved for about 8 hrs at room temperature in a 
petridish and then placed upon a detached leaf of appropriate 
healthy host plant in a petridish. The atmosphere inside the 
petridish will be made humid by covering the inner surface of 
the petridish with wet filter paper. Newly-born nymphs will 
be transferred to a fresh and healthy plant. The aphid 
colonies thus developed will be used as colonies of virus 
free aphids. The plant to plant transfer of the aphids will 
be done with the help of moistened tip of camel's hair brush 
type A, No.l. 
Mode of Transmission : 
To establish the mode of transmission following 
procedure will be adopted : 
Won-persistent : 
1. Pre-acquisition starvation period 4-8 Hrs. 
2. Acquisition access period 1-2 Hrs. 
3. Inoculation access period 24 Hrs. 
4. Number of aphids per plant 10 
Virus-free aphids will be first starved for 4-8 hrs. in 
a glass vial before an acquisition access feeding of 1-2 
minute on the detached leaf of the diseased plant placed on 
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their handling during serial transmission will be done near a 
window. Young leaves of source plant will be introduced in 
the transmission cage by pushing the stem through the 
rectangular slit at the mouth of the cage. With the help of 
modelling clay the rectangular portion will be sealed later. 
Two iron pegs and a rubber band will be used for holding the 
cage in a position. When the plant will secure this position, 
the starved whitefly adults, collected in a cage of same size 
(13X11 cm.) will be released into it and cap will be screwed 
on. A dark coloured cloth will be wrapped round the cage 
containing the whitefly adults to force them to move towards 
the desired portion of the plant which will be kept under 
light. After a desired acquisition feeding period, the adults 
will be recollected in the original cage. From this cage 
single adult will be collected in aspirator by gently 
removing the lid and will be released to the smaller cage 
( 6 X 6 cm) through the hole which will be sealed with 
modelling clay. Similarly the other viruliferous adults will 
be released individually on the test plants. 
3.6.3. Graft Transmission : 
Attempts will be made for wedge grafting. Infected 
scions will be grafted on healthy stock and kept under 
appropriate light and humidity conditions to allow successful 
union which is necessary for transmission. 
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3.6.4 Dodder Transmission : 
Seeds of dodder (Cuscuta reflexa) will be germinated on 
moist filter paper placed in petriplates and then transferred 
in 12" clay pots, sterilized with formalin (4%) and 
containing sterilized soil mixture. After germination, the 
plnnta will lio linliioil on n Bultalilo IJUBU ploiiU miauopUlblo 
to the virus being studied, and the host plant (on which the 
dodder is being trained) will be inoculated after one week. 
When the dodder has been established on inoculated plant, a 
healthy test plant in another pot will be placed near the pot 
(having inoculated plant with dodder established on it) and 
the tips of the branches of the dodder will be placed on the 
healthy test plant or, the branches of the dodder will be 
detached, placed in the axil of the healthy test plant and 
allowed to establish there. The plants thus inoculated will 
be observed for the development of symptoms, if any, for 
about six weeks. Back inoculation will be made on local 
lesion host to confirm the presence of virus. 
3.6.5 Transmission by Nematodes : 
Nematodes from the soil samples collected from the 
field of naturally infected crop will be isolated following 
the conventional decanting and sieving procedure (Cobb, 
1918) . 
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To a s s u r e whe the r t h e nematode i s o l a t e d from s o i l 
samples c a r r y v i r u s or no t , t he fol lowing two t e s t s w i l l be 
done : 
(a) A drop of c o n c e n t r a t e d nematode suspens ion on a 
g l a s s s l i d e w i l l be macerated with a g l a s s spatula and 
inocula ted on the leaves of loca l l e s ion hos t . 
(b) Nematode s u s p e n s i o n w i l l be poured around t h e 
r o o t s of t h e t e s t p l a n t s . These nematode i n o c u l a t e d 
t e s t p l a n t s w i l l be k e p t f o r a b o u t two months t o 
observe the development of symptoms. 
Search for Nematode Vector : 
Species of Lonaidorus, Trichodorus and Xiphinema. known 
as t he vec to r s of some of the p lan t v i ruses w i l l be i so l a t ed 
from t h e s o i l samples us ing Cobb's method (Cobb, 1918) . 
Varying numbers of such i s o l a t e d nematodes w i l l be poured 
around t h e h e a l t h y t e s t p l a n t s . Nematode inocu la t ed p l a n t s 
w i l l be observed da i ly for the development of symptoms. 
S i m i l a r l y , vary ing number of nematodes w i l l be poured 
around t h e r o o t s of v i r u s i n f e c t e d p l a n t s ( m e c h a n i c a l l y 
inoculated) in the g l a s s house. After an a c q u i s i t i o n feeding 
(15 d a y s ) , i n f e c t e d p l a n t s w i l l be u p r o o t e d and h e a l t h y 
p l a n t s w i l l be p lanted in the same p o t s . Such p l a n t s w i l l be 
observed for t he development of symptoms. Back i n o c u l a t i o n s 
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from a l l nematode i n o c u l a t e d p l a n t s (us ing shoot and roo t 
sepa ra te ly ) w i l l be made on a loca l l es ion hos t . 
In case of p o s i t i v e obse rva t i ons the s t u d i e s w i l l be 
extended t o iden t i fy the s p e c i f i c nematode species ac t ing as 
v e c t o r s and i t s r e l a t i o n s h i p w i t h t h e v i r u s u n d e r 
i n v e s t i g a t i o n . 
3 .6 .6 Transmission Through Seeds : 
S e e d s w i l l be c o l l e c t e d from t h e m e c h a n i c a l l y 
inocula ted p l a n t s . After drying the seeds , they w i l l be sown 
in a wooden t r a y c o n t a i n i n g s t e r i l i z e d s o i l m i x t u r e . The 
seeds germinating w i l l be counted. The number of heal thy and 
d i s e a s e d p l a n t s , i f any, in a t r a y w i l l be c o u n t e d . To 
compare t h e i r p e r c e n t a g e g e r m i n a t i o n , t h e same number of 
seeds from t h e h e a l t h y p l a n t s w i l l a l s o be t r e a t e d in t he 
same way. 
Seed t r a n s m i s s i b l e n a t u r e of t h e v i r u s under 
i n v e s t i g a t i o n w i l l be t e s t e d by employing t h e fo l l owing 
methods : 
(a) By macera t ing the seeds from d i seased p l a n t s in 
0 .1 M phosphate buffer p'^ 7 .0 , g iv ing the macerate a 
low speed c e n t r i f u g a t i o n and i n o c u l a t i n g the sap thus 
obtained on the loca l l e s ion hos t . 
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(b) By keeping the plants, developed from the seeds 
collected from diseased plants under insect proof glass 
house for about 1 month to observe the development of 
symptoms. 
(c) By inoculating sap obtained from the young 
seedlings developed from seeds collected from diseased 
plants on local lesion host. 
3.7 Effect of Various Buffers at Different E ^ Levels : 
Several buffers (phosphate, borate, citrate, acetate, 
glycine-NaOH and Tris-HCl) with different pH and molarities 
will be tested as extraction medium to find out the most 
suitable one in which virus infectivity is retained most. 
Young leaves of infected plants inoculated 8-10 days 
earlier will be macerated in a mortar with pestle using a 
buffer (any of the above mentioned) as extraction medium. In 
each case the homogenate will be filtered through two layers 
of cheese cloth. Three young test plants will be inoculated 
manually in each case, using carborundum 500 mesh as an 
abrasive. The leaves will be rinsed by a gentle stream of 
water, immediately after the inoculation. Local lesions 
developed on the inoculated leaves will be counted after one 
week . 
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3.8 Concentration of Virus in Different Parts of the Plant : 
The plants inoculated, 10-15 days earlier will be 
uprooted carefully and washed. The plants will be placed on 
blotting paper and dried. The root, shoot and leaf tissues 
will be cut in to pieces separately. Equal amounts of root, 
shoot and leaf tissues will be homogenized separately in a 
mortar with pestle, adding 0.1 M phosphate buffer p" 7.0. 
Each homogenate will be filtered through two layers of cheese 
cloth and three test plants will be inoculated with each 
sample. The inoculation will be done manually using carborun-
dum 500 mesh as an abrasive. The leaves will be rinsed with a 
gentle stream of water soon after inoculation. The local 
lesion developed on the test plant will be counted after 8-10 
days. 
3.9 Maximum Concentration of the Virris in Plant Sap : 
A batch of 50 plants of healthy propagation host of the 
same age and size will be selected and the two lower most 
leaves of each plant will be inoculated manually by the sap 
obtained from diseased leaves by macerating them in a mortar 
with pestle and by filtering the macerate through two layers 
of cheese cloth. Carborundum 500 mesh will be used as an 
abrasive and the leaves of the plants will be washed with a 
gentle stream of water soon after inoculation. After every 
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two days, two plants will be selected randomly and 
uninoculated young leaves will be taken from the plants. The 
leaves will be homogenized in a mortar with a pestle adding 
0.1 M phosphate buffer p 7.0. For each gram of the leaf 
tissue 1 ml. of the buffer will be used. The macerate will be 
filtered through two layoro of tho choooo cloth, and tho 
sap thus obtained will be used in the inoculation of three 
test plants. The inoculation will be done manually using 
carborundum 500 mesh as an abrasive. The plants will be 
rinsed by a gentle stream of water immediately after 
inoculation. The plants will be observed daily for developing 
the local lesions. The local lesion developed on the leaves 
will be counted. 
3.10 Biophysical Properties : 
The dilution end point, thermal inactivation point and 
longevity iji vitro of the virus under investigation will be 
tested by the method detailed by Noordam (1973). 
3.10.1 Thermal Inactivation Point : 
The sap will be obtained by macerating the young 
infected leaves of propagation host in a suitable buffer, 
inoculated 8-10 days earlier, in a mortar with pestle. The 
macerate will be filtered through two layers of cheese cloth. 
The sap thus obtained will bo divided into 10 nliquoto of 5 
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ml. each and kept in thin walled glass tubes. The tubes will 
be held in a water bath in such a way that the sap level 
will be slightly below the level of water in the bath. The 
different aliquots will be heated at 40, 45, 50, 55,....95 °C 
for ten minutes and cooled under running tap water, 
immediately after the treatment. Each heated aliquot will be 
inoculated to three test plants, and local lesion developed 
on the leaves will be counted after 5-6 days. One aliquot 
which will not be heated, will also be inoculated to three 
test plants, to compare the local lesion produced with other 
aliquots. 
3.10.2 Dilution End-point : 
Young leaves of propagation host inoculated 8-10 days 
earlier will be crushed in a mortar with pestle and the sap 
will be obtained by squeezing the macerate through two 
layers of cheese cloth. Ten fold dilutions (10~-'-, 10"^, 10"-^ , 
10"'*, 10"^, 10"^, 10~'7, 10"^ and 10~5) will be made of the 
sap by addition of double distilled water or phosphate 
buffer 0.1 M, p" 7.0, From each dilution three test plants 
will be inoculated manually using carborundum 500 mesh as an 
abrasive. The leaves of the plants will be washed by a gentle 
stream of water immediately after inoculation. Local lesion 
developed on the leaves of the test plants will be counted 
after 5-6 days. In this way the dilution at which virus loses 
its infectivity will bo dotorminod. 
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3.10.3 Longevity in vitro : 
Young leaves of propagation host inoculated 8-10 days 
earlier will be homogenized in a mortar with pestle and the 
sap will be expressed by filtering the pulp through two 
layers of cheese cloth. Two aliquots of the sap will be made 
and one of them will be stored at 10 °C while another at room 
temperature (20-25 °C). Test plants of the same age, leaf 
number and area will be selected and 3 test plants will be 
inoculated by taking a small amount of the sap from each 
aliquot at 6 hour intervals up to several days. Inoculation 
will be made manually using carborundum 500 mesh as an 
abrasive and the leaves of the plants will be washed by a 
gentle stream of water soon after inoculation. Local lesions 
developed on the inoculated leaves of test plants will be 
counted for each interval and the time after which the virus 
loses its infectivity will be recorded. 
3.11 Effect of E 5 : 
Young leaves of propagation host inoculated 8-10 days 
earlier will be crushed in a mortar with a pestle and the 
macerate will be squeezed through two layers of cheese cloth. 
The sap thus obtained will be divided into eleven equal 
aliquots. The pH of the sap will be adjusted to 4.0, 4.5, 
^•°' 5-5 8-5 and 9.0 by the addition of o.l M solution 
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of acetic acid or NaOH, as required. Thirty three test plants 
of the same age, size, leaf number and leaf area will be 
inoculated manually using carborundum 500 mesh as an 
abrasive. The plants will be washed with a gentle stream of 
water, soon after the inoculation. Local lesions developed on 
the leaves of test plants will be counted after 5-6 days. 
3.12 Effect: of Various Additives on Virus Infectivity ; 
Sodium sulphite, DIECA, EDTA, sodium thioglycolate and 
mercaptoethanol are the various additives that will be tested 
to find out whether their addition to the extraction medium 
results in an increase of virus infectivity. If so, the most 
suitable additive will be selected and routinely added to the 
medium for virus extraction. 
3.13 Purification : 
Attempts will be made to purify the virus under 
investigation. 
3.13.1 Clarification of Sap : 
Young infected leaves of the propagation host will be 
macerated in a suitable extraction medium in a mortar with 
pestle, the macerate thus obtained will be passed through two 
layers of cheese cloth and the sap thus obtained will be 
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given a low speed cetrifugation at 5,000 g for 10 minutes. 
The supernatant will be subjected to various clarification 
procedures. 
(a) Celite and Charcoal : 
Celite and activated charcoal will be mixed with 
sap at the rate of 5 g per 100 ml., either separately 
or in combination. In combination, 5 g of activated 
charcoal will be mixed with 100 ml of sap after 1/2 
minute stirring 5 g of celite will be added. Shaking 
will be continued for another half minute. The 
absorbent will be removed by the following method 
(Steere, 1964) : 
(i) Centrifugation at 2000 rpm for 5 minute or, 
(ii) Filtration through Buchner's funnel supported by a 
2-3 mm thick celite pad and Whatman filter paper 
No.l or, 
(iii) Filtration through a filter paper (Whatman filter 
paper No. l) only in a Buchner funnel.' 
(b) Organic Solvents : 
Organic solvents (e.g. carbon tetrachloride, 
chloroform, ethyl alcohol, butanol and diethyl ether) 
either separately or in combination (e.g. Chloroform-
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butanol) will be used in two ways to remove the 
extraneous plant material from the infected tissue. 
(i) By macerating the tissue along with a mixture of 
suitable buffer and organic solvents, or 
(ii) By adding requisite amount of solvent in crude sap 
obtained after macerating the infected tissue in 
buffer and filtering through two layers of cheese 
cloth. 
The mixture will be incubated for 30 minutes and 
then centrifuged at 5000 g for 10 minutes. The effect 
of organic solvent on the infectivity of the virus will 
be tested by assaying the aqueous layer for active 
virus content on a local lesion host. 
(c) Calcium phosphate Gel : 
Calcium phosphate gel will be prepared by mixing 
0 . IM sodium dibasic hydrogen phosphate (NajHPO^.2H2O) 
and 0.1 M calcium chloride (CaCl2) in equal volume. The 
mixture after continuous stirring for 15 minutes, will 
be allowed to settle. The gel will be washed with 
double distilled water at least ten times to remove 
excess of chloride ion (Cl~) and finally equilibrated 
with phosphate buffer (p'^' 7.0, 0.1 M) . Such freshly 
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prepared gel will be mixed with standard inoculum, 
stirred vigorously and centrifuged for 5 minutes at 
5000 g. The clear supernatant will be assayed for virus 
infectivity on a local lesion host. 
Out of the clarification methods mentioned above, 
the most suitable one will be standardized to be used 
as clarification method in the purification of the 
virus being studied. 
3.13.2 Concentration of the Virus : 
Infectious sap obtained after clarification 
treatment as mentioned above will be used for 
concentration of virus being studied by any of the 
following methods : 
(a) Differential Ccntrifugation : 
Ultracentrifugation will be done in model L3-50 
Beckman preparative ultracentrifuge using rotor type 
50. Normally, high speed centrifugation will be done at 
97,000 g unless otherwise stated. The pellet, thus 
obtained will be dissolved in a suitable buffer. Low 
speed centrifugation will be performed at 10,000 g in a 
Remi.T-24 centrifuge. The number of cycles and the time 
of centrifugation at different rpm will be worked out 
keeping in view the stability of the virus and its 
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sedimentation. Infectivity of different samples in 
supernatant and the pellet will be assayed on local 
lesion assay host. 
(b) Precipitation : 
1. Polyethylene glycol (PEG) : 
Polyethylene glycol 6000 MW w i l l be used for 
p r e c i p i t a t i n g t h e v i r u s in c l a r i f i e d s a p . 
P r e c i p i t a t i o n of t h e v i r u s w i l l be t r i e d with 
2, 4, 6, 8, 10 and 12 pe rcen t PEG s e p a r a t e l y . In 
e v e r y c a s e , t h e v a r i a t i o n i n s a l t (NaCl) 
c o n c e n t r a t i o n and i t s impact on p r e c i p i t a t i o n of 
the v i r u s w i l l be s tandard ized . After the addi t ion 
of r e q u i s i t e q u a n t i t y of PEG and NaCl t o t h e 
c l a r i f i e d s ap , t he mix tu re w i l l be s t i r r e d on a 
m a g n e t i c s t i r r e r t i l l both (PEG and NaCl) a r e 
d i sso lved completely and kept in a r e f r i g e r a t o r a t 
4 °C t o 8 °C f o r 6 h r s . t o a l l o w c o m p l e t e 
p r e c i p i t a t i o n . 
2. Ammonium su lpha te : 
D i f f e r e n t q u a n t i t i e s (10-14%) of ammonium 
s u l p h a t e {HH^) 2^0^ (W/V) w i l l be added t o 
c l a r i f i e d sap ( 1 / 1 ) . The mixture w i l l be s t i r r e d 
a t 0±2 °C in an i co b u c k e t t i l l t h e ammonium 
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s u l p h a t e c r y s t a l s a r e d i s s o l v e d comple t e ly . The 
mix tu re w i l l then be incuba ted a t 4+1 °C for 2h 
and cen t r i fuged a t 5000 g for 15 min. t o c o l l e c t 
the p r e c i p i t a t e . 
The p e l l e t o b t a i n e d by PEG and ammonium 
s u l p h a t e p r e c i p i t a t i o n w i l l be d i s s o l v e d 
s epa ra t e ly in a s u i t a b l e buffer and recentr i fuged 
a t 5000 g for 5 minutes. Supernatant thus obtained 
w i l l be assayed on loca l l es ion hos t . 
3.13 .3 Further Purif icat ion by Density Gradient 
Centrifuqation : 
The v i r u s samples ob t a ined by the methods 
d e t a i l e d above w i l l be subjected t o fur ther 
p u r i f i c a t i o n u s i n g d e n s i t y g r a d i e n t 
c e n t r i f u g a t i o n (Brakke, 1951, 1960). 
L i n e a r s u c r o s e g r a d i e n t columns w i l l be 
p r epa red by l a y e r i n g 7, 7, 7 and 4 ml of 0.1 M 
phosphate buf fer pH 7.0 having 400, 300, 200 and 
100 mg s u c r o s e per ml r e s p e c t i v e l y in a 1 X 3" 
t u b e . The s u c r o s e s o l u t i o n s of d i f f e r e n t 
c o n c e n t r a t i o n s w i l l be l aye red us ing a p i p e t t e 
with a broad o r i f i c e . The h e a v i e s t s o l u t i o n w i l l 
be l a y e r e d f i r s t and s o l u t i o n s of d e c r e a s i n g 
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concentration will be layered on the top of each 
other. The columns will be used after a storage of 
24 hrs. in a refrigerator. Usually 2 ml of the 
virus preparation will be floated on the top of 
the column and the column will be centrifuged 
immediately after floating the virus preparation 
to avoid droplet sedimentation. The columns will 
be centrifuged in SW-25.1 rotor in L3-50 
preparative ultracentifuge. The acceleration upto 
a few hundred rpm will be made gradually. The 
tubes will be centrifuged for 2/2 to 4h. After 
centrifugation the tubes will be examined in a 
dark room by projecting a beam of light down the 
tube from the top. The virus zone scattering the 
light will be removed from the tube by 20 guaze 
10 cm long needle bent twice at right angles and 
attached to a hypodermic syringe. 
3.14 DV - Spectrophotometry : 
Virus preparation will be examined in a Beckman DU-2 
model ultraviolet absorption spectrophotometer to evaluate 
the different methods of purification and to ascertain the 
purity of isolated virus. 
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Ultraviolet radiations are absorbed in a characteristic 
manner by the virus (nucleoprotein) containing solutions. 
Absorbance of samples will be studied in UV-range (230-320 
nm) and graphs will be plotted. Values of Aj^ax/min' A-280/260 
and A-260/280 will bo calculated to know the approximate 
percentage of nucleic acid. 
3.15 Elecrtron Microscopy : 
Shape and size of virus particles will be studied in 
transmission electron microscope. 
3.15.1 Leaf Dip Method : 
For leaf dip preparations, the method of Brandes (1964) 
will be followed. One drop each of 2% potassium 
phosphotungstate (PTA) and uranyl acetate will be placed 
separately on several formvar coated copper grids having 
carbon backing. The freshly cut ends of infected leaves will 
be dipped in the drop for 2-4 seconds. Such grids will be 
allowed to dry for sometime and there after examined under 
electron microscope at various magnifications. 
3.15.2 Procedure with Purified Virus Preparations : 
A small droplet of purified virus preparations will be 
placed on formvar coated copper grids having carbon backing, 
then a small drop of suitable stain (either PTA or, uranyl 
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acetate) will be added to the virus suspension. The excess 
fluid will be absorbed with a small piece of filter paper 
leaving a very thin film of fluid on the grids, which will be 
left to dry at room temperature. Such grids will bo examined 
under electron microscope. 
3.16 g^rQlogy : 
3.16.1 Raising of Antisera : 
Young healthy rabbits, approximately 3 lbs. in weight 
will be used for the production of antisera. The purified or 
partially purified virus preparation will be used as antigen. 
In view of the effect of route of injection on the 
formation of antibodies as well as titre of the antiserum, it 
is proposed to assess the effect of intravenous or 
intramuscular or a combination of both types of injections on 
the antiserum titre. 
Antigens will be administered intravenously through the 
marginal ear vein of the rabbit using a clinical syringe with 
a fine needle. Five to seven weekly injections of virus 
preparations of 2 ml each will bo administered intravenously. 
For the intrnmusculnr injections, antigen (virus preparation) 
will be emulsified with an equal volume of Fround's 
incomplete adjuvant. Two injections of the virus-adjuvant 
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mixture of 3 ml each at an interval of 2 weeks will be 
administered intramuscularly in thigh of the same rabbit 
which has been given intravenous injection of antigen. Test 
bleeding will be made several times from the ear of the 
rabbit at different intervals after the administration of 
last intramuscular injections to check the antibody titre in 
the serum. After the titre has reached its maximum, the 
immunized rabbit will be finally bled by giving a sharp 
incision on the marginal vein of the ear, which has not been 
used for injecting the antigen. About 10-15 ml of the blood 
will be collected and allowed to clot at room temperature (20 
- 25 °C) for 2h and kept overnight in a refrigerator. Serum 
containing antibodies (antiserum) will thereafter be 
separated and centrifuged at 1000 rpm for 5 minutes to remove 
fibrin, blood cells etc. The straw yellow coloured antiserum 
will be collected and stored for serological studies. 
To identify the virus under investigation up to group 
or strain level, the Ouchterlony's double diffusion test 
(Ouchterlony, 1962) will be performed. 
3.16.2 Ouchterlony Double Diffusion Test : 
One percent of agar will be prepared in 0.85 % saline 
containing 0.1-0.2 % sodium azide. Suitable amount of agar 
will be poured into sterilized petridishes so as to get a 2-3 
mm thick agar bed. Using a cork borer of 5,mm diajaefer, wells 
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will be made into the agar and the cut portions of the agar 
will be removed by aspiration. The distance between two 
adjacent wells will be kept 5 mm. The central well will be 
filled with antiserum and the remaining wells will be filled 
with various dilutions of antigen made in physiological 
saline (0.85 % NaCl solution) and the clarified sap from 
healthy plant. Such treated petridishes will be incubated at 
room temperature and observed for the formation of precipitin 
lines. 
3.17 Isolation of Nucleic Acid : 
Nucleic acid of the virions will be isolated using the 
phenol detergent method. To a 2.5 ml of purified virus 
preparation will be added 0.05 ml of 6% sodium dodecyl 
sulphate and 2.6 ml of water saturated phenol. The phenol 
used will be redistilled and stored at 10 °C after adding 
distilled water. The mixture will be stirred in a glass tube 
on a magnetic stirrer for 10 minutes and then centrifuged for 
5 minutes at 3000 rpm in a clinical centrifuge. The mixture 
will separate into two layers, the upper aqueous layer and 
the lower phenol layer containing sodium dodecyl sulphate. 
The top aqueous layer will be drawn off with a pipette. To 
the lower layer or phnsa 2.5 ml of o.iM phonphnto buffer pll 
7.0 will be added and stirred tor lu minutes and then 
centrifuged for 5 minutes at 3000 rpm. The aqueous phase will 
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be drawn off and pooled together with the aqueous phase 
obtained at previous step and stirred for 10 minutes with an 
equal volume of phenol followed by centrifugation. The 
aqueous phase will be extracted once more with half the 
volume of phenol. Traces of phenol will be removed from the 
aqueous phase by extraction with ether. The nucleic acid will 
be precipitated by the addition of 2 ml of ice-cold ethanol 
to the solution. The precipitate will be pelleted out by 
centrifugation for 15 minutes at 7500 rpm. The pellet will be 
suspended in 0.1 M phosphate buffer pH 7.0 and centrifuged 
for 15 minutes at 10000 rpm to remove any insoluble material 
present in the preparation and the supernatant thus obtained 
will be tested for infectivity and type of nucleic acid (DNA 
or RNA). 
3.17.1 Infecrtivity of Viral Nucleic Acid : 
Infectivity of viral nucleic acid will be assessed by 
inoculating the nucleic acid preparation on the local lesion 
host. Several dilutions of nucleic acid preparation will be 
made and inoculated on the local lesion host plant and the 
number of local lesions developd will be compared with the 
corresponding dilutions of virus preparation. 
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3.17.2 Type of Nucleic Acid : 
It is well known that RNA and DNA differ in their 
chemical composition with respect to the base and sugar 
involved in their composition. RNA contains ribose sugar and 
uracil base (other three bases being adenine, guanine and 
cytosine) while DNA contains deoxyribose sugar and thymine 
base (other three bases being the same as in RNA). 
Thus, test will be performed to study the type of 
sugar. Diphenylamine test for deoxyribose or, orcinol test 
for ribose sugar will be used for ascertaining the type of 
nucleic acid in virus under investigation. 
3.17.3 Percentage fi£ NMClftic Acid : 
An approximate percentage of nucleic acid in virion 
will be worked out based on the UV-absorption spectrum of the 
purified preparation. The value of the ratio between A-
280/260 will be used for dotormining an approximato 
percentage of nucleic acid in the virus particles. 
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